Context. NGC 3532 is an extremely rich open cluster embedded in the Galactic disc, hitherto lacking a comprehensive, documented membership list. Aims. We provide membership probabilities from new radial velocity observations of solar-type and low-mass stars in NGC 3532, in part as a prelude to a subsequent study of stellar rotation in the cluster. Methods. Using extant optical and infra-red photometry we constructed a preliminary photometric membership catalogue, consisting of 2230 dwarf and turn-off stars. We selected 1060 of these for observation with the AAOmega spectrograph at the 3.9 m-AngloAustralian Telescope and 391 stars for observations with the Hydra-South spectrograph at the 4 m Victor Blanco Telescope, obtaining spectroscopic observations over a decade for 145 stars. We measured radial velocities for our targets through cross-correlation with model spectra and standard stars, and supplemented them with radial velocities for 433 additional stars from the literature. We also measured log g, T eff , and [Fe/H] from the AAOmega spectra. Results. The radial velocity distribution emerging from the observations is centred at 5.43 ± 0.04 km s −1 and has a width (standard deviation) of 1.46 km s −1 . Together with proper motions from Gaia DR2 we find 660 exclusive members, of which five are likely binary members. The members are distributed across the whole cluster sequence, from giant stars to M dwarfs, making NGC 3532 one of the richest Galactic open clusters known to date, on par with the Pleiades. From further spectroscopic analysis of 153 dwarf members we find the metallicity to be marginally sub-solar, with [Fe/H] = −0.07 ± 0.10. We confirm the extremely low reddening of the cluster, E B−V = 0.034 ± 0.012 mag, despite its location near the Galactic plane. Exploiting trigonometric parallax measurements from Gaia DR2 we find a distance of 484 +35 −30 pc [(m − M) 0 = 8.42 ± 0.14 mag]. Based on the membership we provide an empirical cluster sequence in multiple photometric passbands. A comparison of the photometry of the measured cluster members with several recent model isochrones enables us to confirm the 300 Myr cluster age. However, all of the models evince departures from the cluster sequence in particular regions, especially in the lower mass range.
Introduction
In the first recorded description de la Caille (1755) called the southern open cluster NGC 3532 a "prodigious cluster of small stars" 1 and for Herschel (1847) NGC 3532 was "the most brilliant object of the kind I have ever seen". However, NGC 3532 has received little attention in modern times compared with other open clusters in the southern sky. Our radial velocity study confirms Herschel's statement, and this paper is the first in a series Based on data acquired through the Australian Astronomical Observatory, under program S/2017A/02.
Based on observations at Cerro Tololo Inter-American Observatory, National Optical Astronomy Observatory under proposals 2008A-0476, 2008A-0512, 2008B-0248, 2010A-0281, 2010B-0492, and 2011B-0322 .
The full Tables 1, 3 , and 4 are only available in electronic form at the CDS via anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5) or via http://cdsweb.u-strasbg.fr/cgi-bin/qcat?J/A+A/ 1 "Amas prodigieux de petites étoiles [. . . ]" that we plan, aimed at transforming NGC 3532 into a canonical young open cluster that can be used by the community for new and detailed astrophysical investigations, e.g. on the rotational dynamo transitions of cool stars (e.g. Barnes 2003 ).
As regards prior work, an initial photoelectric photometry study was published by Koelbloed (1959) , and despite the limited magnitude range of the sample the author was able to derive a distance of 432 pc. Fernandez & Salgado (1980) presented additional photoelectric and photographic photometry for 700 stars in the region of NGC 3532. This was soon followed by a radial velocity study including the Koelbloed sample published by Gieseking (1980 Gieseking ( , 1981 . Further photometric studies in different filters and with additional targets included Johansson (1981) , Eggen (1981) , Wizinowich & Garrison (1982) , Schneider (1987) , and Claria & Lapasset (1988) . Those studies concentrated on the upper main sequence and the giant branch stars. Surprisingly, no further photometric study of main sequence A&A proofs: manuscript no. RVNGC3532PaperTabInline stars in NGC 3532 was published for 23 years 2 until the recent comprehensive CCD-photometric study of Clem et al. (2011) , hereafter referred to as C11. They measured the magnitudes and positions of stars to a depth of V = 22 in a 1
• field of view. The distance to NGC 3532 has been estimated using photometry, and also has been directly measured by the Hipparcos mission. The initial reduction, based on eight stars, Robichon et al. (1999) , yielded 405 +76 −55 pc. The precision was improved in the new Hipparcos catalogue (van Leeuwen 2009) , and found to be essentially the same, 406 +75 −56 pc, based on six stars. In contrast isochrone fitting to the cluster sequence gave a distance of 492 +12 −11 pc (C11). From parallax measurements included in the second Gaia data release (Gaia DR2, Gaia Collaboration et al. 2018b ), Gaia Collaboration et al. (2018a found 484 pc, reducing the tension considerably.
The age of the open cluster has been estimated by most of the photometric studies. Koelbloed (1959) suggested 100 Myr, based on the absolute magnitude-age relation by Sandage (1957) . Both Fernandez & Salgado (1980) and Johansson (1981) estimated 200 Myr, while Eggen (1981) gave 350 Myr. More recent estimates based on isochrone fitting are 300 Myr from C11 and 310 Myr by Mowlavi et al. (2012) . Based on white dwarfs in the cluster and mostly independent of the main sequence stars, Dobbie et al. (2012) constrained the age to 300±25 Myr. Modern age estimates for NGC 3532 are all in agreement with 300 Myr and our work will be shown to confirm this.
With the notable exception of the above-mentioned studies by Gieseking (1980 Gieseking ( , 1981 , who obtained objective prism spectra of 84 main sequence stars near the turn-off, most radial velocity studies of the open cluster are from recent times. González & Lapasset (2002) observed 21 of the brightest cluster members and Mermilliod et al. (2008) focused on the cluster giants (8 stars). The latest public spectroscopic surveys RAVE (Steinmetz et al. 2006) , Gaia-ESO (Gilmore et al. 2012) , and Gaia (Gaia Collaboration et al. 2016) included some cluster stars but did not specifically investigate the cluster sequence.
The richness of NGC 3532 may also be observed in the number of known cluster white dwarfs. Reimers & Koester (1989) discovered seven white dwarf candidates on photographic plates of which three could be verified spectroscopically (Koester & Reimers 1993 ). More recently Dobbie et al. (2009 Dobbie et al. ( , 2012 have confirmed further white dwarfs and Raddi et al. (2016) have discovered an additional candidate. Having seven confirmed white dwarf members makes NGC 3532 a rich source for degenerate objects among Galactic open clusters (Dobbie et al. 2012) , further testifying to its value for studies of stellar evolution.
The overall richness of the cluster is apparent in the photometric work by Schneider (1987) and C11, showing NGC 3532 to have a cluster sequence extending deep enough for it to be embedded in the Galactic background field. We aim to identify the cluster members down to its M dwarfs and out to 1
• (diameter), in order to construct the corresponding clean cluster sequence.
Finally, we note that with an ecliptic latitude of −56.4
• (J2000), NGC 3532 will be in the 54-day observing window of NASA's Transiting Exoplanet Survey Satellite (TESS) mission (Ricker et al. 2015) . In the era of exoplanet discovery and characterization, exoplanet hosts in open clusters have particularly high scientific worth because their ages and other properties can be relatively well-determined and ranked (e.g. Sandage 1958 , Demarque & Larson 1964 , Meynet et al. 1993 , Rebolo et al. 1996 , Barnes 2003 . Knowing the ages 2 The otherwise unpublished PhD thesis of one of the authors (Barnes 1997 ) includes standardised and time-series photometry of NGC 3532. of exoplanets and their host stars is of course crucial to better understand their physics and formation history. This paper is structured as follows. In Sec. 2 we construct and present the photometric membership of NGC 3532, enabling the selection of appropriate targets for spectroscopic study. In Sec. 3 and Sec. 4 we explain our data reduction, leading to the measurement of radial velocities and stellar parameters, respectively. In Sec. 6 we present the cluster membership, the cluster sequence it defines, and the comparison with isochrones.
Joint optical and infrared photometric membership
The (B, V) colour-magnitude diagram (CMD) in Fig. 1 shows the full stellar content of the probed region, heavily contaminated with background stars. Because a membership list for NGC 3532 is not available in the literature, we constructed a list of joint optical and infrared photometric members. Although we used the photometry of C11 and followed their method for the construction of the single-star photometric cluster sequence, we were careful to also retain the potential photometric binary members.
, allowing the foreground dwarfs and the background giants to be separated based on the relations of Bessell & Brett (1988) and the appropriate reddening vector. Stars more than 0.5 mag away in colour from the visible cluster sequence were rejected, and after transforming the distance of each star from the sequence into a χ 2 -value, they suppressed stars with χ 2 greater than a threshold, and plotted the results in their paper. However, they did not provide the resulting list of candidate members.
We followed the general method of C11, but made certain deviations to suit our purposes, particularly to retain any cluster photometric binaries. We began by matching the BV(RI) c pho-tometry from C11 with JHK s photometry from 2MASS (Skrutskie et al. 2006) , to construct colour-colour plots in [(V − I c ), (V − J)] and [(V − I c ), (V − K s )] for all stars common to the two catalogues (see Fig. 2 ). While all stars from C11 were used, we included only those stars from the 2MASS photometry that have a photometric quality flag of A, B, C, or D for all three passbands. With these requirements we retained only the stars with valid detections in all photometric bands. This usage of 2MASS photometry imposes a new brightness limit on our membership, fortunately not adversely impacting our own scientific goals. The cluster sequence in Johnson-Cousins colours can be traced down to at least V = 21 but 2MASS is limited to J = 15.8, corresponding to V ≈ 19 (based on the YaPSI isochrones, Spada et al. 2017) for a cluster of NGC 3532's estimated distance and age (492 pc, 300 Myr, C11).
As suggested by C11, we included only stars above both dividing lines
and
separating foreground and background stars (Fig. 2) . This is possible for NGC 3532 because of the large difference in reddening between the cluster and the field. The cluster itself has low extinction, with A V = 0.087 mag (C11) while the line-of-sight extinction is A V,LOS = 3.04 mag (Schlafly & Finkbeiner 2011) . Although, the two sequences of foreground and background stars overlap, most background disc stars can be removed from the sample with this method. Stars in the overlap region of the two sequences could still lie on the cluster sequence in the CMD (especially background giants). The cluster sequence is clearly visible in the cleaned CMD (discussed below), and can be traced by eye. In contrast to the exclusive selection of C11, we wish to retain the binary cluster members. Therefore, we do not calculate a χ 2 -value associated with the distance from the cluster sequence, and instead retain all stars up to 0.1 mag bluer, and up to 1 mag brighter than the hand-traced cluster sequence. As such, our selection includes all potential members from the blue edge of the cluster sequence to the equal-mass binary sequence, the latter situated ∼0.75 mag above the cluster sequence. These stars were extracted jointly from both the [(B − V), V] and [(V − I c ), V] CMDs (Fig. 3) , and are hereafter called photometric cluster members. (Fig. 3 , right-most panel) was additionally used to verify that all photometrically-selected cluster members are indeed on the cluster sequence, including in colours not used to extract the members. We observe that this is indeed the case. Within the 1
• diameter limit for NGC 3532, we find a total of 2230 stars on the photometric cluster sequence common to both the C11 and 2MASS samples. These are listed in Table 1 .
The next logical step would normally have been to refine the cluster sequence with the help of the proper motions of the stars on the preliminary (i.e. photometric) cluster sequence. As data from the Gaia mission were not readily available at the time of target selection this did not yield any significant additional information because the mean proper motion of the cluster does not differ significantly from the background (c.f. C11 for a detailed analysis). Consequently, we did not include the proper motions and have solely used the photometric membership information to select the targets for the spectroscopic observations. Data from the Gaia mission became available after our observing campaigns in the form of UCAC5 (Zacharias et al. 2017) and Gaia DR2 (Gaia Collaboration et al. 2018b) . We discuss the proper motion of the open cluster later, in Sec. 5.1, in the light of those new data and our spectroscopic membership. We also note that initial Gaia/TGAS proper motions (Gaia Collaboration et al. 2017) appear to have found bright kinematic cluster members up to 5
• from the cluster centre. Lacking dedicated cluster photometry for the outer regions, and with a focus on the inner parts of NGC 3532, we have not included those stars in our sample.
Radial velocity measurements
We targeted the photometric candidate members in spectroscopic observing campaigns at the Anglo-Australian Telescope and the Victor Blanco Telescope. Here we present the observations, the resultant radial velocity distribution, compare our data to prior work, and include a relatively small number of additional measurements from the literature and public surveys.
A&A proofs: manuscript no. RVNGC3532PaperTabInline The left and centre panels include all stars in the C11 catalogue while the right panel shows a CMD in (V − K s ) and V with only the stars common to the 2MASS survey and the C11 sample. The grey stroke outlines the area defined as 0.1 mag bluer and 1 mag brighter than the hand-traced cluster sequence. In orange we show all stars that are both in the defined region, and are part of the dwarf sequence in Fig. 2 . The seven confirmed white dwarfs in NGC 3532 are also marked (blue squares) in the first two panels.
3.1. Observations 3.1.1. AAO NGC 3532 was observed on 10 and 11 March 2017 in service mode with the AAOmega two-armed spectrograph fed by the 392-fibre 2dF fibre positioner (Lewis et al. 2002) at the 3.9 m Anglo-Australian Telescope at Siding Spring observatory. We used the 1700D grating (R = 10 000) in the red arm, designed for radial velocity studies with the infra-red Ca ii triplet (IRT) in the wavelength range from 8340 Å to 8940 Å. The blue arm, not useful to us because our targets are too faint for that spectral range, was equipped with the standard grating 580V (R = 1200).
With a field of view of 2 • , a large fraction of the cluster could be observed simultaneously, facilitating the target selection. We only targeted the photometric members of NGC 3532 as determined above, and assigned the highest priority to stars for which we have obtained differential photometry time-series 3 . Those stars occupy a somewhat smaller field of view than the photo-3 These data were obtained in order to study the rotation of the cluster's cool stars, and will be published separately (Fritzewski et al. in prep.) . metric study of C11. Correspondingly, lower observing priorities were assigned to stars that lie beyond our photometric monitoring region. However, the guide stars were assigned exclusively from the outer regions to avoid crowding in the inner part where our highest priority targets are situated.
The large field of view allowed us to divide the fibre configurations into two magnitude ranges to avoid fibre crosstalk. In total we observed NGC 3532 with three different fibre configurations, with the cluster centred in the field of view each time (equinox J2000.0, α = 11:05:39, δ = -58:45:12, Wu et al. 2009 ). From the 392 fibres available 354 (352 in one case) fibres were used for the science targets, 25 were dedicated sky fibres, and 8 (7) fibres were used for the guiding stars. The remaining 13 (16) fibres were not used because they were either broken, or the field was too crowded to position them on a target.
The exposure time was 120 min for the fainter stars (I c = 15 − 17, which corresponds to V = 16.6 − 19.5) and 30 min each for the two bright configurations (I c = 12 − 15, corresponding to V = 12.6 − 16.6). Each exposure was split into three subexposures to assist in cosmic ray removal. For the bright configurations we were able to achieve signal-to-noise ratios (SNR) In blue we show the contribution from the RAVE survey (first two bins), in orange from Gaia DR2 (V = 10 to 13), and in green from the Gaia-ESO survey (V = 12 to 16). The components in black and light grey represent our own observations with only AAOmega and Hydra-S, respectively (V = 12 to 19). In dark grey we show the contribution of stars observed with both instruments (V = 12 to 16). The number in each above each bar indicate the total number of observed stars.
per pixel ranging from 20 for the faintest to 160 for the brightest stars. With the longer exposure time for the faint configuration we obtained SNRs between 10 and 80. Calibration files included dark, flat, bias, and arc frames. For the arc frames four lamps containing He, CuAr, FeAr, CuNe were used. With the time restrictions of service mode we limited our observations to three different fibre configurations. Hence, we were unable to observe all 2230 photometric members determined in Section 2, and observed only 1060 stars. The fraction of observed stars from the photometric cluster members is shown in Fig. 4 as a function of V. For most magnitude bins we were able to observe approximately half of the photometric members, sufficient for our purpose of constructing a cluster sequence.
CTIO
We also include previously-obtained (but hitherto unpublished) multi-epoch multi-object spectroscopy with the fibre-fed Hydra-S spectrograph at the Victor Blanco 4 m Telescope at Cerro Tololo Interamerican Observatory (CTIO). The observations were carried out in seven runs over 15 nights from 28 February 2008 to 27 March 2010; an overview of these observations is given in Table 2 . We used Hydra-S in Echelle-mode with a wavelength-coverage from 5092 Å to 5274 Å (λ c = 5185 Å, R = 18 500), a dispersion of 0.086 Å px −1 , and 1x2 binning. The observing strategy was similar to Geller et al. (2008) and we achieved a single measurement radial velocity precision of 0.8 km s −1 . Fibres were placed on 391 stars selected photometrically from the colour-magnitude diagram in the range from V = 12 to V = 16. This sample has an overlap of 145 stars with the AAO sample. Each Hydra-S field was exposed for 2400 s with up to four exposures in a sequence to remove cosmic rays from the data.
For calibration we obtained nightly ThAr arc frames, dark and bias frames, and flat fields in different configurations. The flat fields were both dome flats and sky flats. For the sky flats the fibres were either arranged in a circle or positioned as on target. We need these multi-configuration flat fields to remove systematics arising from the positioning of the fibres as detailed in Geller et al. (2008) . In total we obtained 1695 radial velocity measurements for 391 individual stars with Hydra-S. Multiple measurements of individual sources also allow us to identify binary stars from their radial velocity variability (see below).
Data reduction and radial velocity determination
To reduce and wavelength-calibrate the spectra obtained from AAOmega we used the standard 2dFdr pipeline (AAO Software Team 2015, version 6.28). During pre-processing, the median bias and dark frames were subtracted from each science frame, and cosmic rays were removed. After fitting the image with a scattered light model the spectra were extracted. Those extracted spectra were divided by the fibre flat-fields and wavelength calibrated using ∼30 out of 40 available spectral lines in the arc frames. The sky lines were then used for throughput calibration and subsequently removed from the spectra. Finally, the three sub-exposures for each configuration were combined into a single spectrum.
Each combined spectrum was later continuum-normalized with a fifth-order Chebyshev polynomial. The radial velocity shift was measured with the fxcor routine from IRAF 4 using the PyRAF interface. For the cross-correlation we used seven different template spectra from the synthetic spectral library of Coelho (2014) . For the hotter stars the infra-red triplet partly overlaps with lines from the Paschen series, which are not present for cooler stars. On the cool end of our observed sequence, the M dwarfs show TiO and VO bands. We assumed that our sample contains dwarf stars with solar-like metallicity and chose all template spectra to have log g = 4.5 and [Fe/H] = 0. To achieve a good match between the template spectrum and the observations we divided the data into magnitude bins and assigned a temperature from T eff =[7000, 6000, 5500, 5000, 4750, 4250, 3800] K to each of them. We have not used colour information because the effective temperature is monotonically dependent on the magnitude in the given range. The measured radial velocities were individually corrected for barycentric motion.
The initial uncertainties obtained from IRAF were unrealistic. However, limiting the width of the Gaussian that IRAF uses to fit the cross-correlation peak to 10 pixels helps to achieve a good radial velocity measurement with a reasonable error estimate (Thompson et al. 2016) . The lower boundary of the error distribution, shown in Fig. 5 , is between 1.1 km s −1 and A&A proofs: manuscript no. RVNGC3532PaperTabInline 3.2 km s −1 depending mostly on the spectral type; we show I c magnitude as a proxy. As seen from the smooth transition in Fig. 5 between the configurations with different exposure times (dotted line) the main contribution to the larger errors for the fainter stars can be attributed to the spectral type, rather than the SNR. Some stars show larger uncertainties because their crosscorrelation functions are very wide and the heights are therefore lower. Hence, the height of the cross-correlation peak can be used as a quality indicator and larger radial velocity uncertainties are usually correlated with lower heights.
One reason for poor quality in certain cases could be fast rotation, and therefore broadened spectral lines. We also observe that for the hottest stars in our sample, e.g. those with very strong Paschen lines, the errors are much larger than for stars with weaker Paschen lines. In those cases no good match between the synthetic and the observed spectra could be achieved.
The median error for the (later determined) members of NGC 3532 with a good error estimate (∆v r < 10 km s −1 ) is 2.0 km s −1 for the bright sample and 3.8 km s −1 for the fainter stars.
The Hydra-S observations were reduced and the radial velocities measured within IRAF. For details we refer the reader to the extensive description and error analysis in Geller et al. (2008) . The error distribution of these observations is constant for all magnitudes (see Fig. 5 ) with a median uncertainty of 1.3 km s −1 .
Radial velocity distribution
Before joining the two independently-reduced data sets we checked for systematic zero-point offsets. With the overlapping sample of 145 stars we are able to compare the zero-points directly. After removing all known radial velocity variables, 103 stars could be used to calculate the zero-point difference. We found no significant offset, hence we create a joint radial velocity distribution without adjustment. In addition to our own two data sets we added the radial velocities from the Gaia-ESO survey (GES), the RAVE survey DR5 (Kunder et al. 2017) and Gaia (Cropper et al. 2018) . The GES overlaps only with the AAO observations because the target region of the CTIO observations and the GES are different. We found only a minor zero-point offset (∆v = 0.075±5.164 km s −1 ) which is negligible for the subsequently determined member- ship probability (because the radial velocity distribution is much wider than the calculated offset). The RAVE data have no stars in common with any other data set because that survey targeted a different magnitude range, not permitting us to test for a zeropoint offset. The radial velocities in the RAVE catalogue are similar to the data from all other observations (median 4.4 km s −1 ) and we can assume that any possible zero-point difference is small.
Although there is overlap between the Gaia data and the other data sets, we have not used them to bring the data to a common level because the uncertainties in the Gaia data are much larger than any possible zero-point offset. For this reason we exclude the Gaia radial velocities from the fit to the radial velocity distribution, while we include both of the other survey data sets from the surveys. Additionally, for stars with observations from multiple sources we chose ground-based data over Gaia radial velocities.
Before fitting the radial velocity distribution with a model we excluded all known radial velocity variable stars (c.f. Sec. 3.5) from our combined data set, noting that it could still include binary stars with only one data point. The cleaned sample should give the underlying cluster radial velocity distribution which we fit with a two-component Gaussian mixture model. It combines a strong cluster peak at v r = 5.43 ± 0.04 km s −1 (σ 1 = 1.46 km s −1 ) with a low-level, very wide (v r = 10.3 ± 0.9 km s −1 , σ 2 = 26 km s −1 ) field component (Fig. 6 ). The width of the radial velocity distribution is a superposition of the intrinsic dispersion of the cluster, the width resulting from the measurement uncertainties, and some inflation from undetected binaries. Despite the combination of data with differing radial velocity precisions the width is dominated by the largest data set (AAOmega data, 59 per cent of the data points). Combining all data sets increases the width by less than five per cent.
With the obtained model (Φ(v r )) we calculate the membership probabilities p RV from
for all stars with measured radial velocities from the data sets mentioned above. The membership probability distribution (Fig. 7) is strongly bi-modal. We chose to include all stars with p RV > 0.5 as members because the radial velocity members are somewhat spread out at the high probability end, while most of the non-members have membership probabilities near zero. The spread for the radial velocity members is independent of the stellar mass and the radial velocity uncertainties; hence it comes from field star interlopers, the intrinsic cluster dispersion, and undetected binaries. We note that with the chosen threshold some field star non-members are likely included in this sample. We find 819 probable radial velocity member. All membership probabilities together with other data are given in Table 3 . Table 3 . Radial velocities and membership probabilities of stars in the NGC 3532 field. 
Comparison with prior work
Few prior radial velocity measurements are available in the literature. The first study of radial velocities in NGC 3532, based on objective prism spectra, was presented in two papers by Gieseking (1980 Gieseking ( , 1981 . The author measured relative radial velocities for 84 stars and found a mean cluster radial velocity of 4.6 km s −1 (relative to a zero point based on the radial velocity of other stars). In the study of González & Lapasset (2002) some of the same stars were observed and the authors estimated the zero point for the Gieseking sample to be 2.4 km s −1 , and thus a mean cluster radial velocity of 2.2 km s −1 relative to the barycentre of the solar system. Independent of the zero point estimate, González & Lapasset (2002) give a mean cluster velocity of 3.4 ± 0.3 km s −1 from observations of 21 mainly giant stars. The radial velocity study by Mermilliod et al. (2008) targeted eight red giants in NGC 3532 and obtained a mean cluster velocity of 4.3 ± 0.34 km s −1 . First results from the GES were presented in Jacobson et al. (2016) . This study included only two stars in NGC 3532 although many more were observed and are provided in the data releases. For the two stars in Jacobson et al. (2016) radial velocities of 3.8 km s −1 and 5.8 km s −1 were found. The full sample of GES stars was analysed in the joint data set above.
Our mean radial velocity of v r = 5.43 ± 0.04 km s −1 is somewhat different from the cluster velocities determined by González & Lapasset (2002) and Mermilliod et al. (2008) . Those two studies targeted the massive stars in the cluster, while our sample includes exclusively cooler dwarf stars. Because of the mean velocity differences and the disjunct data sets we have not fitted the whole cluster with a single model. Instead, we refrained from recalculating the membership probability and use the values given by González & Lapasset (2002) and Mermilliod et al. (2008) . Additionally, we reanalysed the data of Gieseking (1981) with a two-component Gaussian mixture model. We find the parameters compatible with the widths and positions of the Gaussians estimated by Gieseking (1981) and derive membership probabilities. Later, we define the cluster sequence from the full set of probable members.
Repeated radial velocity observations
The aim of our observing campaign at CTIO was to discern between the single and binary members of NGC 3532. Within three years we obtained up to nine radial velocity data points per star and are able to find candidate single members. Later at AAO, 145 of the CTIO targets were re-observed, extending the timeseries to a baseline time-scale of a decade. Single members are easily confirmed and even long-term radial velocity variations may be found in these data.
We have obtained more than one observation for 334 of the 372 observed stars and at least three for 276 stars. We analysed the radial velocity time-series by visual inspection and with the e/i-statistic (Geller et al. 2008) , where e is the standard deviation of the radial velocities and i the precision. The e/i threshold used is 4. Among the stars with multiple observations we find 41 radial velocity variables, of which 27 can be identified as likely binaries with oscillating radial velocities. The remaining 14 have too few data points to draw firm conclusions. We have not attempted to determine a γ velocity for the likely binaries because the time-series contain too few data points at present to solve the orbits.
We have assigned labels to the data in Table 3 on the basis of these time-series. They include B for binary, S for single star and U for unknown variability, the latter the result of having to too few data points 5 . For all stars with multiple measurements we calculated a mean radial velocity which we use for our analysis.
Having obtained only a single observation at AAO we do not know whether stars in this data set have constant radial velocities. Despite this uncertainty we have included all stars with a single measurement from the AAO into the determination of the membership probabilities. Consequently, some of these stars could potentially be binaries, and their observed orbital velocities could disguise their true membership status. Additionally small radial velocity variability could potentially widen the radial velocity distribution.
Assuming the Gaussian two-component model to be correct, we can also deduce membership for the radial velocity variables. For each variable star we calculate the mean radial velocity and apply the trained model to it. We publish the membership probabilities determined through this method as is, but note that they should be used with care 6 .
Additional stellar parameters from the spectra
To obtain information beyond the radial velocities from the AAOmega spectra (see Fig. 8 for three examples) we used the software SP_Ace (Stellar Parameter And Chemical abundances Estimator, Boeche & Grebel 2016, version 1.1) which estimates the stellar parameters based on polynomial fits to the equivalent widths of several spectral lines. The parameters for those fits are stored in the General Curve-Of-Growth library (GCOG) which is included in SP_Ace. GCOG is based on calibrated 7 oscillator strengths from the line list of the Vienna Atomic Line Database (VALD, Kupka et al. 1999) and 1D atmospheric models synthesized from ATLAS9 (Castelli et al. 1997 ) under LTE assumptions.
The best-fitting grid point from the GCOG library is determined through an iterative Levenberg-Marquardt minimization routine. To find the stellar parameters and abundances the equivalent width of that grid point is used. SP_Ace can also output a synthetic spectrum based on those parameters. One illustrative example is shown in Fig. 8 (bottom panel) . For this spectrum SP_Ace achieved χ 2 = 1.06. This fit is representative of our analysis where more than 90 per cent of the successful fits have χ 2 < 1.2. The grid of SP_Ace is restricted to T eff > 3600 K, a fact which implies that parameters cannot be estimated for the coolest stars in our sample. In any case, stars in our sample with T eff < 4000 K do not have reliable measurements due to their faintness and the low SNRs of their spectra.
The estimated stellar parameters include effective temperature (T eff ), gravity (log g), and various abundances, particularly the iron abundance ([Fe/H]) relative to the Sun. [Fe/H] can be measured from ∼ 60 lines in the spectral range, where the exact number depends on the SNR. The typical uncertainties arising in the analysis of the AAOmega spectra are ∆T eff = 100 K, ∆ log g = 0.23, and ∆[Fe/H] = 0.06. Apart from the figures presented in this work (e.g. Fig. 9 ) we have tested the results of SP_Ace for consistency with additional checks. For example we have checked that T eff plotted against colour shows a clear cluster sequence. We were able to estimate atmospheric parameters for a total of 355 stars in our sample. The individual values for each star are given in Table 4 .
Surface gravity and effective temperature
The derived log g and T eff values are displayed in Fig 9, in combination with our derived membership status. We find 93 (out of 233) dwarf stars (log g > 4.0) with obtained surface gravity to be radial velocity non-members. This shows that in the field of NGC 3532 there is a significant field contamination from foreground stars.
The photometric membership list is also contaminated by a population of (background) giant stars which we were unable to remove through the colour-colour diagrams. In the CMDs (Fig. 3 ) a background component crosses the cluster sequence at (B − V) = 1.3 which matches the reddened stellar parameters of the giant stars (T eff ≈ 5300 K and (B − V) 0 ≈ 0.9). Among the giants we find several radial velocity members which we can now remove from the sample of cluster members in order to obtain a cleaner cluster sequence, reducing the number of probable members to 804. We therefore see that obtaining the additional parameters log g and T eff from the spectra can help to clean up the sample of cluster members beyond the radial velocity information.
With the additional information about background giant stars we recalculated the radial velocity distribution but found only minor differences from the initial distribution. Hence, we do not update the membership probability and continue with the previously calculated values while marking the background giants as non-members.
Abundances of NGC 3532
A number of prior estimates for the metallicity of NGC 3532 are available in the literature. The first photometrically determined metallicity was presented by Claria & Minniti (1988) [Fe/H] = 0.08 ± 0.08 while the first spectroscopic study by Luck (1994) found [Fe/H] = 0.07 ± 0.06 for the cluster giants.
A photometric estimate from DDO photometry by Piatti et al. (1995) . Gravity (log g) against effective temperature (T eff ) for stars observed spectroscopically with AAOmega. Filled circles are radial velocity members while the unfilled ones are non-members. Some radial velocity members are found among the background giant population. In the lower left we show the typical errors.
The same data and additional U BV photometry were used by Twarog et al. (1997) All of these suggest a cluster with near-solar metallicity value, with an error in the range of 0.1 dex. We note that most prior estimates were made for a small sample of giant members and not the dwarf stars in NGC 3532. With our observations of solar-like stars from NGC 3532 we now have a large sample of dwarf stars at hand.
SP_Ace is capable of measuring several different abundances from the spectra. Because of the relatively low SNR we chose to use only the [Fe/H] values in this study. The mean cluster iron abundance, measured from the 139 radial velocity dwarf members, is [Fe/H] = −0.07 ± 0.10.
The metallicity distributions for both the members and nonmembers are shown in Fig. 10 , including a histogram for the cluster dwarf members. Although a solar-like metallicity for the open cluster is within the uncertainties, the determined mean metallicity is slightly sub-solar.
Astrometric data from Gaia
With the information from Gaia DR2 (Gaia Collaboration et al. 2018b ) becoming available after our observation, we have the possibility of verifying the proposed members with precise astrometric parameters. We first use the proper motions, and analyse whether they are suitable for refining the cluster sequence.
Second, we turn to the parallaxes to calculate the cluster distance.
Proper motions of cluster members
Knowing the radial velocity members of NGC 3532, we can extract additional information from the proper motions. From the precise proper motions provided in Gaia DR2, with uncertainties 0.1 mas yr −1 , we can derive clean cluster membership. In Fig.11 we plot in the left panel all stars in the field. The open cluster and the field are inseparable, due to the large number of stars in the area. Even in a density plot the separation is not easy to achieve. We show in the right panel only the proper motions of the photometric cluster members for which we have obtained radial velocities. From the analysis of the spectra we can split these stars into three groups: radial velocity members, non-members and background giant non-members.
The most obvious feature is the tight clustering of radial velocity members around µ α = −10.37 ± 0.16 mas yr −1 , µ δ = 5.18 ± 0.08 mas yr −1 marked in Fig. 11 with dashed lines. This centre is the mean proper motion of the radial velocity members in this clustering with the uncertainty given by the standard deviation. The proper motion found for NGC 3532 is marginally in agreement for µ α with the published proper motion from both Hipparcos (µ α = −10.84 ± 0.38 mas yr −1 , µ δ = 5.26 ± 0.37 Robichon et al. 1999) and Gaia/TGAS (µ α = −10.54 ± 0.03 mas yr −1 , µ δ = 5.19 ± 0.04 mas yr −1 , Gaia Collaboration et al. 2017). Our value though is (unsurprisingly) confirmed by Gaia Collaboration et al. (2018a) , who found a very similar proper motion for NGC 3532 (µ α = −10.3790 ± 0.0079 mas yr −1 , µ δ = 5.1958 ± 0.0079 mas yr −1 ) also from Gaia DR2. Although the centre of the cluster proper motions is welldefined, some radial velocity members are scattered over the whole proper motion plane. We chose to include all stars within a radius of 1.3 mas yr −1 around the cluster centre in proper motion space as proper motion members (circle in Fig. 11 ) because out to this radius the number of proper motion members increases non-linearly with radius. For larger radii the linear increase of proper motion members observed can be attributed to field stars, while the non-linear increase is due to the clustering of stars. The radial velocity members follow the same pattern, a fact which gives us confidence about the chosen cut-off value. Among the included stars we find 58 radial velocity nonmembers, each of which could potentially a be binary (because we have only obtained a single radial velocity measurement for these stars). However, at least six of the proper motion members have multiple radial velocity observations and are classified as single non-members, a fact which demonstrates that background contamination remains in the proper motion membership. After all proper motion membership, like that from radial velocities, is probabilistic. The proper motion membership is given in a column in Tables 1 and 3 . By jointly demanding both radial velocity and proper motion membership, we define an exclusive set of bona fide cluster members which are listed as m in the joint membership column (M) in Table 1 .
In Fig.11 we also highlight the background giant stars from our photometric membership. Those stars might be assumed to define the "field". Their proper motion is centred on µ α ≈ −5 mas yr −1 , µ δ ≈ 5 mas yr −1 . In the absence of better information C11 assumed µ α = 0 mas yr −1 , µ δ = 0 mas yr −1 . The giant stars show a wider distribution in the proper motion plane than the compact cluster. Noticeable in this context are the stars identified as radial velocity members but with a low log g. Among those giants with the same radial velocity as the open cluster we find some which even have very similar proper motions. This is a consequence of the low proper motion of NGC 3532 combined with the wide distribution of proper motions of field stars. This validates our cautious approach to assignment of cluster membership based on photometry, radial velocity, or proper motion alone. Sometimes spectral analysis is the only way to uncover false-positives.
Astrometric distance to NGC 3532
Gaia DR2 has provided parallaxes for most of the stars in our sample of cluster stars. We have included all sources with positive parallaxes and relative uncertainties less than 10 per cent. In our case we use the provided parallaxes regardless of the known correlations on small scales because we use a simple mean to estimate the distance (Bailer-Jones et al. 2018) . Other known systematics of the Gaia DR2 include a small zero-point offset of the parallaxes which is dependent on the sky position, and dependencies of the parallax measurements on colour and magnitude (Lindegren et al. 2018) . All effects are superseded by the uncertainties and the spread of parallaxes in the cluster. Additional, presently unknown, global and local systematics might be included in the data but should not be relevant to our aim of determining the distance to the open cluster.
In order to compute the mean parallax of the cluster we chose to use only the stars which are proper motion and radial velocity members. From this set of stars we find = 2.068 ± 0.139 mas (484 +35 −30 pc), a value which is beyond that from the Hipparcos results (406 +76 −56 pc). Our distance agrees with the 484 pc from the Gaia Collaboration et al. (2018a) . We note that this distance is simply the mean distance of the members and not the centre of mass distance. This value certainly agrees with the isochrone fitting distance of C11 (492 +12 −11 pc), reducing the tension between the prior astrometric distance and theoretical models.
In Fig. 12 we show the distribution of distances to illustrate the size of NGC 3532. For this figure we use the individual distances provided by Bailer-Jones et al. (2018) . The peak indicating the cluster position is prominent, but the distribution is very wide for an open cluster. We find a number of radial velocity members which are 80 pc closer or more distant to the Sun than the cluster centre in this distribution. Those stars are not only radial velocity-but also Gaia DR2 proper motion members. The Pleiades for comparison have a radius of ∼ 10 pc, using the members from Gaia Collaboration et al. (2018a) . NGC 3532 is probably intrinsically more extended or has tidal tails like the Hyades (Meingast & Alves 2018; Röser et al. 2018) . In view of this issue we do not use the distance as a membership criterion. 
Final Membership, cluster sequence, and isochrones
With the above-presented analysis of the radial velocities, stellar parameters, and proper motions we have found an exclusive and final set of 660 cluster members among 1613 spectroscopically observed photometric members 8 . By exclusive we mean that all relevant criteria (photometry, radial velocity, and proper motion) are fulfilled without exceptions, creating a high quality data set for further studies of NGC 3532. These are the members shown in the following CMDs in this paper.
We present the exclusive members under column M in Table 3 , together with all other radial velocity data, including both data from this study and the literature. We give the position of the star, its radial velocity, membership probability, the proper motion membership, the V magnitude, and colours in (B − V), (V −I c ), and (V −K s ). The V magnitude and the (B−V) colour are photoelectric measurements from Fernandez & Salgado (1980) and Wizinowich & Garrison (1982) where available, and CCD photometry from C11 otherwise. The column Ref. gives the original publications for the radial velocity data. Furthermore, we included the identifiers from C11 for all stars that were observed in that study. Additionally, we give the identifiers assigned to the stars by the various studies including our own numbers and the labels for stars with multiple observations from Sec 3.5.
In the rest of this paper we will work with this set of 660 exclusive members. First, we construct an empirical cluster sequence, tracing the locus of the open cluster in several colourmagnitude diagrams. Next, we compare various isochrone models to the observed cluster stars and finally, we estimate the total number of stars in this open cluster.
Empirical cluster sequence
A defining characteristic of an open cluster is the single-star main sequence along which almost all the members are distributed. With the set of exclusive members we can trace this main sequence in a CMD and construct a cluster sequence from the locus of the stars. . Colour-magnitude diagram of the exclusive set of members from Gaia photometry. In the background we show our empirical cluster sequence (see . Table 5 ).
In order to accomplish this we plot CMDs in (B−V), (V −R c ), (V − I c ), and (V − K s ) against V. In addition we make use of the excellent photometry provided by Gaia DR2. The [(B p − R p ), G] CMD is shown in Fig. 13 . In each of these CMDs we trace the cluster sequence manually and tabulate the colours for fixed magnitudes. In order to improve the accuracy we use colourcolour diagrams and corrected small deviations. A magnitudemagnitude diagram helped us to find a smooth transformation between V and G. In Fig. 13 we present this final cluster sequence in the Gaia photometric system. We display the data (exclusive cluster members) on top of the cluster sequence to emphasise the good match.
In Table 5 we present the data for the cluster sequence in two photometric passbands and five different photometric colours. For the two photometric passbands we converted the magnitudes to absolute values using the Gaia distance. All data were dereddened. We use the coefficients from Johnson (1968) and for the Gaia photometry we applied the relations from Jordi et al. (2010) .
This cluster sequence can be used in future for comparison with other open clusters. Our sequence reaches down to ∼ 0.35 M , equivalent to a spectral type of M3V. We placed the brighter end of our sequence near the turn-off which, for NGC 3532 is populated by A0V stars with M ∼ 2.6 M .
Comparison with isochrones
The large number of cluster members identified enables us to compare the observations in detail to theoretical isochrones. In Fig. 14 we show the cluster members from the giant branch through the turn-off down to the low-mass stars. The membership is nearly complete for the inner 1
• region of NGC 3532 from the brightest stars in NGC 3532 down to V = 10. In Fig. 14 a sparsely populated region of radial velocity members between V = 10 and V = 13 is visible. In this region the only data avail-A&A proofs: manuscript no. RVNGC3532PaperTabInline Table 5 . Empirical cluster sequence of NGC 3532 with M V and M G as well as several photometric colours. All data was de-reddened and shifted with the Gaia distance. Fig. 14 and 16 , for the inner 1
• of NGC 3532, the members from the Gaia/TGAS proper motions (Gaia Collaboration et al. 2017) . Due to the paucity of radial velocity members in this region it would be of interest for later studies to complete the radial velocity cluster sequence. Both the GES and the present study concentrate on the fainter regions of the CMD and have preferentially probed the cool stars.
For the comparison with isochrones in this subsection we use the already measured metallicity (Sec 4.2) and distance (Sec. 5.2) and will determine the age and the reddening towards NGC 3532.
We have not fitted an isochrone automatically to the data for several reasons. First, there is a well known, but not yet fully understood, deviation of the isochrones for the lowest-mass stars which is mainly an effect of the transformations between stellar model parameters and intrinsic colour used in the isochrones (Baraffe et al. 2015; Spada et al. 2017) . Second, we lack radial velocity members in the range V = 10 to 11. This can be filled in with the proper motion members from Gaia Collaboration et al. (2017) but a third problem arises in the same range of the isochrones. The colour of the isochrone models differ a little from the observed colour. Finally, the aim this work is to present the cluster sequence rather than a detailed fit of the the best isochrone model.
The reddening towards NGC 3532 is known to be very small, despite its location in the Galactic disc. Previous estimates of the reddening include Fernandez & Salgado (1980) (E B−V = 0.042± 0.016 mag), Johansson (1981) (E B−V = 0.1 ± 0.04 mag), Claria & Lapasset (1988) (E B−V = 0.07 ± 0.02 mag), and C11 (E B−V = 0.028 ± 0.006 mag).
In order to derive a reddening independently we used the obtained stellar parameters from the AAOmega spectra and compared them to the photometric measurements. We first calculated the intrinsic colours from the measured effective temperatures of the members of NGC 3532 by applying the T eff -colour relations of Ramírez & Meléndez (2005) which are implemented in the software package PyAstronomy. We made use of the multicolour photometry and calculated (B − V) 0 , (V − R c ) 0 , (V − I c ) 0 , and (V − K s ) 0 . With those values we were able to calculate the reddening E colour as presented in Fig. 15 . We used the coefficients from Johnson (1968) , transformed all reddening values to E B−V , and averaged them per colour.
Except for (B − V), all other colours give a consistent extinction towards the members of NGC 3532 of E B−V = 0.034 ± 0.012 mag. In (B − V) the reddening is correlated with the intrinsic colour, a fact likely due to the colour transformations. In this colour we used only stars with (B − V) 0 < 1.1 to calculate the median reddening because those stars are less affected. The quoted reddening is the mean of the reddening values obtained from the different filter combinations, with the standard deviation as the uncertainty. The uncertainties of the determined individual colours from T eff are about the same size as the calculated reddening (see Fig. 15 ) because of the average uncertainty on the effective temperature ∆T eff = 100 K. This reddening estimate agrees with Fernandez & Salgado (1980) , Claria & Lapasset (1988) , and C11; hence we use the determined value hereafter.
With the reddening, metallicity, and distance fixed, the only missing parameter to find the correct isochrone is the age. NGC 3532 is usually assumed to be 300 Myr old (C11), hence we will use this value as a starting point. The known white dwarfs in NGC 3532 also constrain the age and (Dobbie et al. 2012 ) estimated 300 ± 25 Myr. We also note that all parameters presented in Table 6 are consistent with the values estimated by C11 and Mowlavi et al. (2012) who found similar parameters to C11 from an isochrone fit of NGC 3532. However, Mowlavi et al. (2012) did not fit either the low-mass stars or the whole giant branch.
In order to verify the isochronal age for NGC 3532 we decided to overlay multiple model isochrones with the data to find a model which best represents the data. Later we compare the data to isochrones of different ages from one particular model. For this exercise we use the low-mass isochrones from Baraffe et al. (2015) (hereafter BHAC), the BaSTI models (Hidalgo et al. 2018) , the MIST isochrones (Choi et al. 2016; Dotter 2016) , the PARSEC isochrones (Marigo et al. 2017) , and the YaPSI models (Spada et al. 2017) . We used isochrones with [Fe/H]= −0.1 for all models except for BHAC, for which we had to use the solar metallicity models. All magnitudes are transformed to JohnsonCousins and the 2MASS system (Carpenter 2001) 9 as needed. All of the tested models are very similar and follow the observed cluster sequence reasonably. Variations can be found on the detailed level and we note differences in order to find a model that represents the data best, moving from high to low-mass 9 In fact we used the updated coefficients from http://www.astro.caltech.edu/∼jmc/2mass/v3/transformations/. 10 by all models equally well, although it seems as if the YaPSI models are somewhat fainter. The same can be observed at the turn-off where the YaPSI models are ∼ 0.2 mag fainter than the other models. Moving along the main-sequence we focus on the solar-like stars. Each CMD in Fig. 14 has the solar model (BaSTI) marked. We see that in (B − V) the BaSTI model matches the position of the main-sequence somewhat better than the others under the assumption that the Gaia distance is correct. The other models are slightly too faint. In the other three colours the isochrones differ a little from one other but seem to follow the cluster sequence well for solar-like stars. At the faint end of our observations none of the model isochrones describe the observations well. Part of the reasons for deviations from the empirical cluster sequence are the above-mentioned colour transformation issues. We suspect that the better match of the BaSTI models originates in their semi-empirical nature of their colour transformations. Regardless, we adopted the BaSTI model to discuss the age considerations because it best represents the solar-like stars under the assumption of the Gaia distance. 10 Except BHAC, which does not include stars of high mass.
In the previous analysis we have fixed the age of NGC 3532 to 300 Myr based on Dobbie et al. (2012) . To illustrate the differences between younger and older cluster models we show in Fig. 16 the BaSTI isochrones for the age of 200, 300, and 400 Myr ([Fe/H]= −0.1). All isochrones are shifted with the same distance modulus and reddened the same amount. The three models differ only in the turn-off region and for giant stars. For a younger cluster the turn-off is of course bluer and at higher mass stars while for an older model the it moves to redder, lower mass stars. The 300 Myr isochrone matches the turn-off the best. For the giants the 200 Myr model is too bright, the 300 Myr model describes the data well, and the 400 Myr model is too faint. In conclusion, 300 Myr is a good fit to the cluster sequence of NGC 3532 and we can agree that its age is 300 Myr within a margin of, say, 50 Myr.
Membership count
To infer the total number of possible cluster members we use the observed stars and their membership fraction. The distributions of photometric members observed in this work, the GES and RAVE surveys, and Gaia DR2 were previously displayed in Fig. 4 . In the magnitude bins between V = 11 and V = 19 fifty per cent or more of those stars have been observed spectroscopically, with the most complete bins being those for V = 17 and V = 18. For V = 10 the fraction of observed stars is lower, with only a few stars included in RAVE and Gaia.
Among the observed stars we find that about half are members. Although one might expect that it is easier, and therefore more likely, to find the members among the brighter stars, the fraction of non-members is nearly constant for all observed magnitude bins, as shown in Fig. 17 .
From both the fraction of observed stars and the fraction of exclusive cluster members among those, we estimate the total number of expected cluster members. Not having complete coverage of the cluster we have had to rely on two assumptions. First, the fraction of radial velocity members among the unobserved photometric members is the same as that for the observed members. Since we selected our targets randomly from the photometric members the unobserved stars are expected to have the same distribution. Second, the membership for stars brighter than V = 10 is complete. With the wealth of radial velocity studies at the bright end of the cluster sequence, especially the one by Gieseking (1981) and the recent astrometric analysis with the TGAS data (Gaia Collaboration et al. 2017), we believe that this holds true for the inner 1
• of the cluster. We extrapolate the number of members based on those assumptions. This yields an estimated number of ∼1000 cluster members for NGC 3532 in the studied region, an impressive number for any open cluster (c.f. Trumpler 1930) . The photometry by C11 and our radial velocity study include only the inner 1 deg 2 of NGC 3532; we actually expect the cluster to reach out much further (up to 5
• , equivalent to 15 pc) as the first Gaia results (Gaia Collaboration et al. 2017) suggested. Many additional cluster members will likely be found outside our currently studied region. Furthermore, the Gaia DR2 data themselves suggest 1879 cluster members within 2.31
• ( functions obtained in Fig. 18 . Three lines are displayed: first the luminosity function from the current observations of NGC 3532 (solid); second our estimate of the total NGC 3532 luminosity function based on the membership fraction of the observed stars (dashed); and third the Pleiades luminosity function (dotted).
As expected, the observed luminosity function shows features that hint at biases in the data. There are fewer stars than one would expect in the M K s = 1 bin. This bin corresponds to the poorly observed range between V = 10 and V = 12, and the dip is to be expected. In the estimated luminosity function this bias is corrected, although the membership fraction is based only on a few stars. At the faint end of our observed luminosity function the number of stars drops significantly, although it is expected to rise further. Based on the comparison with the Pleiades in Fig. 18 we would expect ∼ 400 members for M K s = 5 but find only 135.
Our photometric membership information is incomplete at the faint end for two reasons. First, we included only stars common to the 2MASS survey and the photometry of C11, leading to a theoretical brightness limit of V = 19.1, derived from the brightness limit of 2MASS. Additionally we filtered the 2MASS data to only include photometry that is good in all passbands; hence the rejection rate near the faint end is higher. Second, we used a fixed criterion to define the photometric cluster members and selected only stars up to 0.1 mag bluer and 1 mag brighter than the manually traced cluster sequence. As seen from Fig. 3 , the cluster sequence in [(B − V), V] runs nearly vertically in the CMD, binding the region of selection tightly to the manually traced cluster sequence. This may leave potential cluster members classified as photometric non-members.
Based on our estimate we conclude that NGC 3532 is likely as rich as the Pleiades, if not even richer. Seen in this context it is even more surprising that NGC 3532 was hitherto poorly studied in the astronomical literature. This open cluster is a very interesting test bed for further studies of stellar evolution especially when compared to the Pleiades. With an age of 300 Myr it is over twice as old as the Pleiades and has only half the age of the Hyades cluster. This age range in-between the two well-studied open clusters is a critical one for studies of stellar rotation and for dynamo transitions in cool stars (e.g. Barnes 2003 ).
Conclusions
We have presented a spectroscopic study of stars in the field of NGC 3532, an open cluster embedded in the crowded field of the Galactic disc. We construct a membership list for the open cluster from our radial velocity study and Gaia proper motions.
To select the targets for spectroscopy we constructed a photometric cluster membership list containing 2230 stars within a 1
• field centred on NGC 3532. For about half of those photometric members we obtained spectra from the AAO with the fibrefed AAOmega spectrograph and from CTIO with the Hydra-S spectrograph, and measured their radial velocities.
Combining our radial velocity measurements with data from the literature and the Gaia-ESO and RAVE surveys we construct a radial velocity membership of NGC 3532. With the precise proper motions from Gaia DR2 we were able to improve on that list and find 660 stars to be also proper motion members, defining a joint and exclusive membership list of these stars. Based on the fraction of observed stars and the confirmed radial velocity members we expect NGC 3532 to contain at least 1000 members within 1
• , making it one of the richest clusters within 500 pc, on par with the well-studied Pleiades. Despite the large number of cluster members presented in this work the cluster sequence is not yet complete. This may be addressed by further ground-based radial velocity observations and additional astrometry from the Gaia mission.
We provide in Table 3 all observed radial velocities together with our computed membership probability. For use in the wider open cluster community we created a cluster sequence for NGC 3532 (Table 5) in various photometric colours, including the passbands of the Gaia photometric system.
From our spectroscopic observations of NGC 3532 we find the cluster to be slightly metal-poor, with [Fe/H] = −0.07±0.10. In comparison, most other studies, which focused on the giant stars, found [Fe/H] = 0 to 0.1. For a definitive statement a homogeneous analysis of giants and dwarfs with reduced uncertainties would be necessary.
In addition to abundances, we measured effective temperatures and surface gravities from the spectra. This helped to remove false-positive background giants from the sample. Furthermore, we used the effective temperature to estimate the reddening towards NGC 3532 and found E B−V = 0.034 ± 0.012 mag, in good agreement with previously estimated values.
The precise astrometric measurements from Gaia DR2 enabled us not only to determine an exclusive membership based on proper motions and radial velocities but also to determine the distance to NGC 3532 independently of isochrone models. Based on the parallaxes we find a distance of 484 +35 −30 pc ((m − M) 0 = 8.42 ± 0.14 mag).
With the metallicity, reddening, and distance known, we compared different model isochrones to the obtained cluster sequence. We showed that most modern isochrones follow the sequence well but find small differences between the models. From the BaSTI models for different ages we infer that NGC 3532 has an age of 300± ∼ 50 Myr.
Echoing the words of Herschel, we conclude that NGC 3532 is truly an outstanding open cluster with a very rich stellar population.
